Introduction
2nd recording layer to the reading layer. However, the two recording layers are written by a two-step process at the beginning of this study for the Double-MAMMOS. The 2nd recording layer, which has a high Curie temperature, is written by high recording laser power. In the next step, the 1st recording layer, which has a low Curie temperature, is written by low laser power. To increase writing speed, we propose a new Double-MAMMOS which applies the quadri-value recording layers for writing the double layer by single process.
Quadri-value recording
To write double recording layers by a single process, Shimazaki et al. proposed the quadri-value recording MO disk4). Data are individually written in each recording layer without changing the focal point. All the recording layers settle within the depth of focus. The recording layer is selected by choosing both amplitude and direction of the external bias field, as shown in Fig. 2 . For a large amplitude of the external field in A and D, the directions of the magnetization of written domains for both the 1st and 2nd layer are the same as the direction of the external field, as shown in Fig. 2 (1,1) and (0,0), respectively. However, for the case of a small amplitude of the external field in B and D, the directions of the magnetization of written domains for only the 2nd layer are in the opposite direction of the external field, as shown in Fig. 2 (1,0) and (0,1), respectively. This phenomenon is caused by a magnetic exchange coupling between the 2nd recording layer and assisting layer4). Therefore, data are individually written in each memory layer by choosing both amplitude and direction of the external field without changing the focal point. In this way, the two recording layers of this new Double-MAMMOS disk can be written with single process by applying the quadri-value recording layers instead of the previous recording layers. However, this quadri-value recording method can not be applied easily to Double-MAMMOS, because the assisting layer will yield some stray field which can make a copying error to the reading layer in the conventional system. We investigate how to combine the functions of the Double-MAMMOS and a single writing process without any yield for a stray field to a reading layer. 
Readout simulation
Readout process is simulated by a calculation of temperature distribution of absorption energy from an irradiating laser beam, stray field from magnetic layers, and distribution of coercive field IL of the reading layer using dependence of FL on temperature, as shown in Fig.  9 .
Temperature distribution is calculated in a three dimensional heat flow under irradiation of Gaussian laser spot for 450 nm in diameter (1/e2) in the film, as shown in Fig. 10 . An A1Ti film is for a heat sink. This stacked layer structure is based on the previous Double-MAMIMOS disk6).
This simulation is performed in several steps as follows: 1) Calculation of absorption distribution for an irradiating laser power, including interference of multi-layer. 2) Calculation of three dimensional heat flow. 3) Calculation of magnetization distribution of the 1st, 2nd and assisting layer with or without domains. 4) Calculation of a stray field from the 1st , 2nd and assisting layer. 5) Calculation of a distribution of coercive field He of the reading layer. 6) Comparison He of the reading layer and a stray field from the 1st, 2nd and assisting layer. 7) Judgment of correct response or error response.
We simulated under the consideration of crescent shaped written domains of which the mark length is 50 nm and the mark width is 400 nm.
For example, one of the distributions for the total stray field from all the magnetic layers and He for readout film are shown in Fig. 11 . When the total field Ht = Hs (stray field) + Hi, (bias field) is less than IL of the reading layer, as shown in Fig. 11 (a) , a copying process can not be performed. We will say this error is a missing error. to -100 Oe. This effect is caused by an increase in the stray field. As the bias margin for the 1st layer becomes small, an extra error appears by the stray field from the 13 Readout margin for the 1st and 2nd layer depending on readout power and bias fields using a new 2nd layer which has a higher Tc.
2nd layer. However, the margin of the 1st layer is still enough.
By using this newly designed Double-MAMMOS disk,
we expect not only to increase memory density, but also to increase recording speed with a single writing process.
Conclusion
We proposed the Double-MAMMOS disk which can be written for two recording layers with a single process by applying the multi-value recording disk method. An assisting layer in a multi-value recording disk yields some stray fields, and makes copying errors. We adapted the characteristics of the films by experiment and by simulation.
We clarified the condition to achieve a new MAMMOS disk, Double-MAMMOS, which can be written for the two recording layers with a single process.
A margin for readout is also shown by simulation.
